Introduction
The modern quality control of pharmaceuticals 1 mainly concerns determining the content of main active product and examining its purity, stability or quantification of impurities. The above-mentioned tasks are realized by analytical techniques: 2, 3 from the classical titrimetric method up to highly sophisticated instrumental methods.
The choice of the analytical tool depends on the level of the analyte and access to measuring equipment.
In this paper, the use of derivative spectrophotometry for the simultaneous determination of promazine hydrochloride and its main product of irreversible oxidation-promazine sulfoxide, is described. Promazine hydrochloride 4 is one of the prominent compounds from the large group of phenothiazine derivative compounds. It is widely used as a psychopharmacological agent. It is usually administered in the form of coated tablets or an injection liquid. It easily undergoes oxidation, like other phenothiazines, in an acidic medium by oxidising agents. 5 The oxidative reaction process is in two steps. The first, reversible, step produces a color cation-radical. The presence of excess oxidant leads to the generation of the colorless promazine sulfoxide. This step of the reaction is irreversible. The described process can be presented as follows:
where R1 = -(CH2)3N(CH3)2 and R2 = -H.
The aerobic oxidation of promazine along with the generation promazine sulfoxide is the main process responsible for aging of its pharmaceutical preparations.
There are many methods used to determine promazine in bulk or in pharmaceuticals alone. These include titrimetric, 6 spectrophotometric, [7] [8] [9] [10] chemiluminescent 11, 12 and chromatographic 13, 14 methods.
There are only a few electrophoretic procedures. 15, 16 In recent years, flow procedures were also published [17] [18] [19] based on the chemical properties of promazine.
British Pharmacopoeia 2 as well as USP 3 recommends the determination of promazine in bulk or in pharmaceuticals by titration in a nonaqueous medium by perchloric acid. There are no publications dealing with the simultaneous determination of promazine and its sulfoxide.
The structural similarity of sulfoxide and its parent compounds is the main limitation of the direct use of classical UV-spectrophotometry. The spectra of these compounds are partially overlapped (Fig. 1 The use of derivative UV-spectrophotometry is proposed for the simultaneous quantification of promazine hydrochloride in the presence of sulfoxide, and vice versa. For this purpose, mathematical parameters were established for generating derivative spectra of analytes. The determination of promazine was made using the first-order derivative (∆λ = 10 nm, second polynomial degree) at 268 nm. The quantification of sulfoxide was achieved by applying third-derivative spectra (∆λ = 14 nm, sixth polynomial degree) based on measurements of the amplitude at 342 -344 nm. An elaborated method was successfully used to determine analytes in commercial promazine pharmaceuticals. The obtained results agreed well with those obtained by the HPLC method. E-mail: joasia@noc.uwb.edu.pl of chromatography is very often limited by high cost of the apparatus and its maintenance. Alternatively, derivative UVspectrophotometry can be a useful and easily accessible tool that allows the fast and precise resolution of a multicomponent mixture. This approach allows the separation of overlapped spectra 20 and their use for the quantification of compounds. Derivative spectrophotometry 21 is based on a mathematical transformation of the spectral zero-order curve into derivative spectra. Because the derivatisation of spectra allows one to obtain more information by separating of the overlapped signals included in the zero-order spectra, it was employed for the determination of promazine sulfoxide and its parent phenothiazine derivative.
Experimental

Reagents
All reagents used were of analytical grade: 1. Promazine hydrochloride (PM), (N,N-dimethyl-3/10H-phenothiazin-10-yl-(propanamine)·HCl, was produced by POLFA JELENIA GÓRA, Poland. Stock solutions (3.12 × 10 -3 M) of promazine hydrochloride were prepared from pure products by dissolving appropriate weights in 50 ml of 0.1 M HCl and stored in a refrigerator. Working solutions (1.56 × 10 -6 -7.79 × 10 -5 M) were freshly prepared every day by dilution in 0.1 M HCl. 2. Sulfoxide of promazine hydrochloride (2.96 × 10 -3 M) stock solutions were prepared by a modified Leenheer's method. 22 The applied procedure was as follows: a 10 mg weight of promazine hydrochloride was placed into a 10-ml test tube. Next, 1 ml of 15% hydrogen peroxide and 0.2 ml of glacial acetic acid were added. Then, the reaction mixture was thermostated for 30 min at 60˚C. Afterwards, the mixture was cooled to room temperature, and then the pH was adjusted by concentrated ammonium to 12 and transferred into a separatory funnel. Sulfoxide was extracted twice by 10 ml portions of chloroform. The extracts were joined and the solvent was evaporated under low pressure. Identification of the obtained compound was performed by the TLC method, 22 spectral analysis and a measurement of the melting point. The obtained results confirmed that only the sulfoxide was formed. Prepared in the described way, sulfoxide was dissolved in 10 ml of 0.1 M HCl. Working solutions (7.42 × 10 -6 -7.42 × 10 -5 M) were prepared by appropriate dilution in 0.1 M HCl. For a chromatographic analysis, promazine sulfoxide, prepared in the described way, was dissolved in methanol.
Apparatus
A Hewlett-Packard HP-8452A diode-array spectrophotometer coupled to User Data version software was used for the acquisition and storage of spectra. A 1-cm quartz cuvette was used for spectral analysis.
The used diode-array spectrophotometer was supplied with a series of 328 individual photodiodes. Because this type of apparatus does not allow one to change its measurement parameters, the working conditions of the spectrophotometer were the integration time (1 s), the spectral bandwidth (2 nm), and the spectrum scan (0.1 s).
The used Thermo Separation HPLC system, consisted of a 3D detector Spectra System UV 3000, a gradient pump P2000 and a vacuum membrane degasser SCM-Thermo Separation. The measurements at 252 nm were performed using a reversedphase analytical column, (Lichrospher100 RP-18, 250 × 4 mm (5 µm)) with a guard column (4 × 4 mm (5 µm)) (Merck, Germany).
The mobile phase 23 consisted of methanol, acetonitrile, 0.1 M NaH2PO4/Na2HPO4 buffer solution (pH = 8.2) in a ratio (v/v) 75:20:5. The flow rate was 0.75 ml/min.
Analytical procedures Calibration curve of promazine hydrochloride.
Into a 10-ml calibration flask was placed an aliquot of PM solution equivalent to 1.56 × 10 -6 -7.79 × 10 -5 M of promazine, which was then diluted to the mark with 0.1 M HCl. The absorption spectra were recorded in the wavelength range 190 -400 nm against 0.1 M HCl as a blank. The first-derivative spectra were generated using the Savitzky-Golay procedure (∆λ = 10 nm and second polynomial degree) by a spreadsheet (Microsoft Excel 97 using Windows 95). The amplitude, from the base-line to the peak, at 268 nm was related to the actual contents of the analyte. Calibration curve of promazine sulfoxide.
Into a 10 ml calibrated flask were introduced different aliquots of a sulfoxide stock solution to obtain a concentration between 7.42 × 10 -6 and 7.42 × 10 -5 M, which was then diluted to the mark with 0.1 M HCl. The absorption spectra were recorded over the wavelength range 190 -400 nm against 0.1 M HCl as a blank. The thirdderivative spectra were generated using the Savitzky-Golay procedure (∆λ = 14 nm and sixth polynomial degree) by a spreadsheet (Microsoft Excel 97 using Windows 95). A calibration graph was constructed by plotting the amplitude peak-to-peak at 342 -344 nm versus the concentration of sulfoxide.
Sample preparation Assays in dosage forms. a) Injection fluid promazin (included 100 mg of PM).
An aliquot of one ampoule was quantitatively transferred into a 100-ml calibrated flask and diluted with methanol to the mark. For a spectral analysis, an appropriate aliquot of the solution was transferred to a 50-ml calibrated flask, and then dried under a stream of nitrogen; the residue was dissolved in 0.1 M HCl. A working solution was prepared by appropriate dilution with 0.1 M HCl and the absorption spectra of the final solution were recorded and processed in the same way as described above.
Assays in dosage forms. b) Coated tablets promazine.
Not less then 20 tablets, each including 100 mg of promazine, were washed out to remove a colored envelope, and then were weighed and dried. They were finely powdered. An accurately weighed portion, equivalent to about 100 mg of promazine, was transferred into a 100-ml calibrated flask and diluted to the volume with methanol.
The powder was completely disintegrated using a mechanical shaker, and the solution was filtered. After, the first 25 ml was discarded, the remainder filtrate was used for analysis. For a spectral analysis, an appropriate aliquot of methanolic solution was transferred into a 50-ml calibrated flask, and dried under a stream of nitrogen; the residue was then dissolved in 0.1 M HCl.
Chromatographic procedure
For chromatographic determination, methanolic standard solutions of promazine and its sulfoxide were used. Solutions of pharmaceutical preparations were prepared by an appropriate dilution in methanol using the procedures described above. Under the chromatographic conditions described in the apparatus section, the retention times were 3.96 ± 0.02 and 10.37 ± 0.04 min for promazine sulfoxide and promazine, respectively.
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Results and Discussion
Spectral analysis
The absorption spectra of PM (1.50 × 10 -5 M) and PM-SO (1.50 × 10 -5 M) as well as their equimolar mixture dissolved in 0.1 M hydrochloric acid and recorded in the 190 -400 nm wavelength range are shown in Fig. 1 . The spectrum of promazine hydrochloric exhibits two maxima at 204, 252 and one broad in the range 300 -306 nm. The spectral characteristic of promazine sulfoxide is more complicated. There is one intensive band at 230 nm and three weaker bands at 270, 300 and 338 nm. As can be seen from Fig. 1 , the spectrum of a mixture is the sum of the spectra of promazine and its sulfoxide. Both spectra are partially overlapped, and the presence of promazine prevents an accurate and precise determination of sulfoxide. To separate the spectra, a derivatization procedure involving the Savitzky-Golay alghoritm was used. The application of this procedure demands the optimization of such mathematical parameters as the order of the derivative, the width of the derivatization "windows" (∆λ) and the polynomial degree. For this purpose, the spectra of 1.50 × 10 -5 M solutions of promazine, promazine sulfoxide and their equimolar mixture in 0.1 M HCl were individually recorded and then subjected to a mathematical treatment.
The choice of optimal parameters was made while taking into account of the provided accuracy and precision for the determination of compounds. For the determination, promazine was chosen as the optimal first derivative generated with ∆λ = 10 nm using the second polynomial degree. As can be seen from Fig. 2 , the concentration of PM can be determined at 268 nm. The abscissa corresponds to the point of intersection of the first-derivative spectra of promazine with the spectrum of a mixture containing the two compounds, indicating that the contribution of sulfoxide is negligible at this wavelength. Additional experiments confirm the correctness of the wavelength selection. In spite of the fact that this λ is neither maximum nor minimum, the determination using 1 D268 provides precise and accurate results. The determination of sulfoxide demands one to use a higher order of the derivative. The generation of consecutive spectra shows that third-order spectra generated using ∆λ = 12 nm and a sixth-degree polynomial are suitable for the quantitative determination of promazine sulfoxide in the presence of an excess of its parent compound. Figure 3 presents the third-order spectra of promazine sulfoxide and a binary sulfoxide-promazine mixture. As can be seen, the use of a higher order derivative caused a more complicated final spectrum. After a careful selection, the amplitude of the peaks at 342 -344 nm was chosen for the quantification of sulfoxide. The abscissaes of these points correspond well with those of the mixture, and provide the best accuracy and precision for the sulfoxide determination. The parameters of the derivatization of the spectra of promazine and its sulfoxide are assembled in Table 1 .
Statistical data
Under the experimental conditions assembled in Table 1 , calibration graphs for both compounds were constructed. Table  2 gives the obtained equations and other typical figures of merit, such as the limit of detection (SL), the correlation coefficients and the range of linearity. In order to estimate the precision (RSD) of the method, replicate samples (n = 5) containing 1.5 × 10 -5 and 3 × 10 -5 M of each compound were measured individually.
Applications Analysis in synthetic mixtures.
The methods under study 251 ANALYTICAL SCIENCES FEBRUARY 2001, VOL. 17 Fig. 2 The first-order spectra of 1.5 × 10 -5 M solutions of promazine hydrochloride, promazine sulfoxide and their equimolar mixture. Fig. 3 The third-order spectra of 1.5 × 10 -5 M solutions of promazine hydrochloride, promazine sulfoxide and their equimolar mixture. (Tables 3 and 4) . At first, the influence of the presence of promazine sulfoxide on the results of its parent promazine determination was checked (Table 3) . For this purpose, two sets of binary mixtures with different concentrations of each compound were tested. One set of solutions contained a lower level of sulfoxide, which simulated 1% of the degradation and the second with a higher concentration of sulfoxide, which corresponded to 10% of the degradation. As can be seen from Table 3 , the contend of promazine in such binary mixtures can be determined at lower as well as at higher levels of sulfoxide with a satisfactory recovery of between 95 -106%.
The determination of promazine sulfoxide is more complicated. The normal situation presented in commercial preparations is a very low amount of sulfoxide at high excess of its parent compound. Taking this fact into account, a series of solutions containing 7.4 × 10 -6 -7.4 × 10 -5 M of sulfoxide was analyzed in the presence of 3 × 10 -4 M of promazine (it simulates 2.5 -25% degradation of promazine). Table 4 gives the results of the sulfoxide determination. The value of the obtained recovery is quite good (96 -104%) apart from the lowest examined content of sulfoxide (7.4 -10 -6 M). This error is attributed to working close to the quantification limit.
Analysis of real samples
To complete the validation of the described methods, an analysis of the content of promazine hydrochloride and its sulfoxide in pharmaceutical preparations was made. For this purpose, two old (the date of use expired in March, 1983) different commercial forms were used: coated tablets "Promazin" and an injection liquid, "Promazin". Simultaneously, the same pharmaceutical samples were subjected to HPLC analysis.
The obtained results are summarized in Table 5 . As can be seen from Table 5 , the results of the derivative-spectrophotometric determination are in good agreement with those obtained by the HPLC method.
Conclusions
In conclusion, it can be stated that the selectivity, accuracy and precision of both the first-order and third-order UV-derivative assays were satisfactory for the simultaneous determination of promazine and its sulfoxide. The obtained results are comparative with those obtained by the reference HPLC method. The proposed method is cheep and does not need any complicated apparatus. Also, the time for a single analysis is comparable with that of an HPLC analysis.
A single measurement run takes about 10 min (measurement and mathematical treatment of the spectrum). 
